The concrete (0.35%) of Jasminum grandiflorum L. flowers was prepared by extraction in n-pentane, and the absolute (0.27%) by fractionation of the n-pentane extract (concrete) with cold methanol. Direct extraction of flowers with liquid CO 2 gave a relatively fat-free product in 0.26% yield. The liquid CO 2 extract was enriched with terpenoids and benzenoids, thus providing the organoleptically accepted product. The major compounds, such as benzyl acetate, (E,E)-α-farnesene and (Z)-3-hexenyl benzoate, along with compounds like indole, methyl anthranilate, (Z)-jasmone, (Z)-methyl jasmonoate and (Z)-methyl epi-jasmonoate, are responsible for the high diffusivity of the jasmine fragrance. These compounds have been obtained with improved recoveries in the liquid CO 2 extract. On the other hand, the yield of the essential oil was poor (0.05%), and some polar compounds (oxygenated terpenoids) were recovered in less amounts in comparison with either the n-pentane or liquid CO 2 extract.
Jasmine (Jasminum grandiflorum L.; family Oleaceae) grows in many parts of the world and jasmine absolute is mainly produced from the delicate flowers, which are picked in the early morning, to retain the full odor [1] . In India, jasmine is represented by more than 40 species [2] . Among these, J. grandiflorum and J. sambac are popularly cultivated in India. The J. sambac is more shrubby and woody, and the flower petals are thicker and more waxy than those of J. grandiflorum [3] . In contrast to J. grandiflorum, with an intensely floral, warm, rich and highly diffusive odor, J. sambac has a floral bouquet consisting of sweet, fruity, heady and sultry notes [3, 4] . Though flowering occurs throughout the year, the peak season starts in March and continues up to July [1] . The flowers are usually extracted by either n-hexane or n-pentane to form the concrete [5] . The concrete gives a higher yield than that obtained by steam distillation, but the concrete contains lipophilic compounds other than just the odorant volatiles. These include pigments, fats and other components, which can affect the pharmacological properties [6] . Earlier, we reported the composition of the essential oil, concrete, absolute, liquid CO 2 extract and SPME analysis of the J. sambac variety of Indian origin [7, 8] . The chemical composition of J. grandiflorum absolute from India has been reported by Jirovetz et al. [9] . The major compounds identified were benzyl acetate (23.7%), benzyl benzoate (20.7%), phytol (10.9%), linalool (8.2%), isophytol (5.5%), geranyl linalool (3.0%), methyl linoleate (2.8 %) and eugenol (2.5%).
The method of isolation of the volatile constituents from J. grandiflorum flowers has a profound effect not only on the composition, but also on the olfactory value of the isolate. The concrete contains waxy compounds, which cause problem, such as clouding during storage of fragrance formulations. Hence, the waxy components have limited solubility in fragrance base solvents. Therefore, the concrete is converted into a wax free and methanol soluble concentrate, known as 'absolute' [5] . Furthermore, in the solvent removal process, the more volatile compounds are carried out with the solvent and the extract contains trace amounts of methanol residues [5] . On the other hand, the absolute also contains fair amounts of undesirable fatty ester compounds. Thus, there is a need to separate the fatty compounds in the jasmine extract for either pharmaceutical application or use in fine perfumery. A few works report the preparation of floral absolute by advanced techniques such as 'enfleurage' [10, 11] , adsorption over XAD resins [11, 12] , and supercritical CO 2 (SC-CO 2 ) extraction [13] [14] [15] . The first processes are labor intensive, and thus not feasible for large scale isolation of floral compounds.
The SC-CO 2 process is commonly used for the extraction of natural materials because of the non-toxic, non-flammable characteristics of CO 2 , and its availability in high purity at low cost [13] . A few works on SC-CO 2 extraction and also fractionation of flower concretes to obtain the absolutes have been reported [14] [15] [16] . Raghuram Rao et al. have studied the extraction of jasmine flowers with CO 2 at 40°C and 120 bar [14] . However, the authors did not report the detailed chemical composition. Gopalakrishnan and Narayanan have fractionated the jasmine concrete in CO 2 at 20°C and 100 bar pressure in a single stage, resulting in high quantities of fatty acid methyl esters (13-20%) [15] . Reverchon et al. fractionated Moroccan J. grandiflorum concrete, using a three stage SC-CO 2 extraction, to obtain the jasmine absolute [16] . In all the reported works on SC-CO 2 , the isolation of only odorous compounds was not achieved due to the increased solvent power of CO 2 in the supercritical stage. In the case of SC-CO 2 , the solvent power increases with pressure and temperature.
Naik et al. have studied the advantages of liquid CO 2 over SC-CO 2 extraction of aroma compounds [17] . Liquid CO 2 is the most interesting solvent for fragrance and flavor compounds with medium molecular weight. The main advantages lie in the low extraction temperature and inert extraction atmosphere for recovery of volatile and thermally labile compounds. There is no reported work on extraction of J. grandiflorum flowers in liquid CO 2 and thus the present work was undertaken for the preparation of essential oil, concrete and absolute from freshly collected J. grandiflorum flowers. We have also extracted the flowers directly with liquid CO 2 and present the chemical composition of this extract. In Table 1 , the process adopted, yield of extracts and their composition are presented. The yield of essential oil was 0.05%. This contained oxygenated monoterpenes and polar compounds (C<11) (7.8%), benzenoids (34.4%), sesquiterpene hydrocarbons (34.8%), oxygenated sesquiterpenes and polar compounds (12<C<16) (12.5%), and fatty acids/esters (1.9%). The major compounds in the essential oil were linalool (7.1%), benzyl acetate (18.3%), (E,E)-α-farnesene (26.2%), (Z)-3-hexenyl acetate (12.2%) and α-cadinol (7.2%).
The yields of the concrete and absolute were 0.35% and 0.27%, respectively. The compositions of concrete and absolute were oxygenated monoterpenes and polar compounds (C<11) ( Extraction of flowers with liquid CO 2 yielded a product that contained the lowest amounts of fatty components (2.5%) and hydrocarbons (0.8%), with an improved percentage of oxygenated monoterpenes and polar compounds (C<11) (17.2%), and benzenoids (42.4%). The major compounds in the liquid CO 2 extract were (Z)-3-hexenyl acetate (5.5%), linalool (9.6%), benzyl acetate (12.0%), methyl anthranilate (3.1%), (E,E)-α-farnesene (20.0%) and (Z)-3-hexenyl benzoate (24.8%). The liquid CO 2 extract contained improved amounts of some minor compounds like methyl salicylate (0.3%), indole (0.3%), (Z)-jasmone (0.2%), (Z)-methyl jasmonoate (0.2%) and (Z)-methyl epi-jasmonoate (0.3%), which contribute towards the fragrance characteristics of the floral extract.
The GC-detectable fractions of the concrete, absolute and liquid CO 2 extract are presented in Table 1 . The GC-detectable fraction in liquid CO 2 was higher (88%) in comparison with the methanol extracted absolute (80%). The liquid CO 2 recovered low molecular weight compounds and thus the extract contained a low percentage of waxy compounds (3.3%). The percentage of terpenoids was increased (54%) in the essential oil, but the yield was very poor (0.05%). The essential oil contained a low percentage of fatty compounds (1.9%), due to the lower volatility of these compounds in water. Compounds like benzyl alcohol, (Z)-nerolidol and T-murrolol were present in lower amounts in the essential oil in comparison with the solvent or liquid CO 2 extracts. Similarly, compounds like cinnamyl alcohol, (E,E)-farnesol and (E,Z)-farnesol were not detected in the essential oil. The above observations justified that the compounds with a hydroxyl functional group were partly soluble in distilled water [5, 18] . The compounds like T-cadinol (4.5%) and α-cadinol (7.2%) were detected with improved percentage in the essential oil, but were not detected in the solvent and liquid CO 2 extracts. Thus, these compounds might be formed as artifacts from the corresponding glycosides in the process of hydrodistillation.
Liquid CO 2 extraction appears to be a simple process for obtaining a fine jasmine fragrance that is free from solvent residues and with low amounts of non-volatile components. The extract is enriched in volatiles making the product more acceptable for high value perfume compositions. Our process needs relatively simple equipment, requiring no compressors or high pressure pumps for transfer of liquid CO 2 , and thus the operating cost has been minimized. The extract is enriched with terpenoids and benzenoids, which might be suitable for use in aromatherapy and fine perfumery.
Experimental
General: n-Pentane and methanol used in the experiments were of reagent grade and were distilled before use. The CO 2 used for extraction was 99.5% pure, supplied by Laser gases, New Delhi. The fresh flowers were collected from Delhi (28.38 o N, 77.12 o E) in the early morning during March-April 2010. Each experiment was carried out in triplicate.
Isolation of essential oil:
The flowers (1 kg) were extracted in a Clevenger type apparatus for 3 h to obtain the essential oil, which was dried over Na 2 SO 4 and kept in refrigerated conditions for GC-FID and GC/MS analyses.
Preparation of concrete:
The flowers (500 g), in an aspirator bottle, were macerated with distilled n-pentane (2 L) for 6 h. After draining, the flowers were again extracted with fresh n-pentane (1.5 L) for 6 h followed by a quick wash in n-pentane (0.5 L). Removal of the solvent from the combined extracts in a rotary evaporator under vacuo at 35°C afforded a deep yellow waxy residue, the socalled concrete (1.75±0.1 g).
Preparation of absolute:
Addition of 15 mL of cold methanol to 1 g of the concrete, warming to 40°C, followed by refrigeration for 12 h at -15°C, precipitated most of the waxes. Filtration through a precooled sinter funnel, followed by evaporation of methanol at 40°C, afforded the absolute (0.71±0.05 g) and wax (0.28±0.05 g).
Liquid CO 2 extraction:
Details of the experimental set up and process adopted have appeared in our earlier publications [7, 19] .
The apparatus consisted of a modified, specially designed Soxhlet apparatus, suitably positioned in a pressure vessel. It consisted of an upper compartment for placing the material to be extracted (160 mL), which was provided with a siphon for the periodic removal of the extract into the bottom receptor glass vessel, which serves as a reservoir. The lower part of the apparatus was kept in a water bath at 30°C to evaporate the CO 2 . Cold water at 5°C from a thermostatic bath was circulated through the cooling finger of the apparatus. Liquid CO 2 was placed in the beaker evaporated at the bottom of the apparatus due to heat supplied from the warm water of the bath, and condensed at the cold finger, and the condensed liquid CO 2 was collected in the Soxhlet apparatus over the material to be extracted. When liquid CO 2 filled to the siphon level, the extract siphoned out into the beaker kept in the bottom compartment. The cycle of evaporation, condensation and extraction was continued for the specific period. The process optimization for extraction of J. sambac flowers by liquid CO 2 appeared in our earlier publication [7] . In our experiments, 50 g of freshly plucked flowers were filled into the upper compartment up to three-fourths of the volume. The extraction was performed at room temperature, maintained at 22°±2°C, and CO 2 pressure of the extractor was 62±2 bar. After carrying out the extraction for 3 h, CO 2 was released slowly through a Teflon tube to yield the absolute (0.13±0.02 g).
GC and GC/MS analysis:
GC analysis was carried out on a Shimadzu GC 17A Gas Chromatograph equipped with a flame ionization detector and a 30 m x 0.25 mm WCOT column, coated with 0.25 µm 5% diphenyl dimethyl siloxane (DB-5), supplied by J &W. Helium was used as the carrier gas at a flow rate of 1.2 mL/min at a column pressure of 42 KPa. Each sample (essential oil, concrete, absolute and liquid CO 2 extract) was injected (0.2 µL) into the GC using a split ratio of 50:1. Component separation was achieved following a linear temperature program of 60°-210°C (2°C/min), and 210°C (50 min). Percentage composition was calculated using a peak normalization method assuming equal detector response for all compounds. The GC/MS analysis was carried out on a Shimadzu QP5000 GC/MS fitted with the same column and temperature programmed as above. MS parameters: ionization voltage (EI) 70 eV, peak width 2 s, mass range 40-400 amu and detector voltage 1.5 volts. Peak identification was carried out by comparison of the mass spectra with those available in NIST-1, NIST-2, Wiley and Adams libraries. Compound identification was finally confirmed by comparison of their relative retention indices with literature values [20] .
Determination of GC-detectable fraction in the extracts:
The n-pentane extract (concrete), absolute and liquid CO 2 extract contained some non-volatile matter [19] . In order to determine the GC-detectable fraction of these extracts, 3 of the major compounds, linalool, benzyl acetate and methyl anthranilate were determined quantitatively by GC-FID using n-octanol as internal standard. From the amounts of these 3 determined and their percentage composition found by GC-FID, the GC-detectable fractions in each of the extracts were determined by back calculation, assuming an equal detector response for all the components. The values obtained were averages of 3 such determinations.
